Antimicrobial resistance (AMR) is a serious public health problem and a global concern. The inappropriate use of antibiotics has been identified by the World Health Organization as a major risk factor for AMR.
Results
The major inappropriate antibiotic use practices followed by the respondents were using antibiotics without prescription (82%), not completing the antibiotic course (45%), and obtaining antibiotics from the pharmacy without prescription (23%). The chi-square test results showed that age (p = 0.031) and nationality (p = 0.041) were associated with using antibiotics without prescription. In addition, respondents less than 21 years of age (p<0.001), who had only a secondary education (p = 0.007), and who lived in one of the large and crowded cities in Qatar (p = 0.011) had higher odds of stopping the antibiotic before completing the course. Our study also revealed that almost 60% of the respondents had inadequate knowledge and a negative attitude towards antibiotic use. Nationality and municipality were the independent factors associated with having appropriate knowledge of antibiotic use. Univariate logistic regression analyses in our study demonstrated that older (>26 years), married and university-graduated participants were more likely to have a a1111111111 a1111111111 a1111111111 a1111111111 a1111111111
Introduction prescription [14] . Approximately 11.4 million unnecessary antibiotic prescriptions, which account for 29% of total prescriptions, are prescribed for children with acute respiratory tract infections annually [17] . A study in China reported that two-thirds of hospitalized patients received antibiotics in their treatment [18] . In some countries, such as India and Kenya, children who suffer from diarrhea are treated with oral rehydration and are also given antibiotics [19] . Al-Niemat and her colleagues reported that 35% of prescribed medications from an outpatient clinic in Jordan were antibiotics [20] .
Self-medication/prescription of antibiotics is another issue associated with the risk of inappropriate drug use. In the Middle East region, a recent systematic review showed that the prevalence of self-medication and self-prescription with antibiotics ranges from 19% to 82% across studies [21] . Penicillin, usually used to treat upper respiratory tract problems, is the most commonly used antibiotic. It was mainly obtained without prescriptions from pharmacies, leftover drugs and relatives or friends. In addition, inappropriate drug use was reported, including sharing of antibiotics and storing of antibiotics at home for later use [21] .
At the community level, previous research found extensive problems in knowledge, attitudes, beliefs and behaviors that influence antibiotic use [22] [23] [24] . Patients and community members may take unnecessary antibiotics, not finish the full course, share medications with other people, and/or keep part of the course for a later illness [25] . In some countries, such as Nigeria, Sudan and Bangladesh, nearly all antibiotics consumed are apparently taken without a prescription. Even some developed countries, such as Italy, Spain and Greece, have levels of over-the-counter use that reach 20% of the sold antibiotics [26] .
A systematic review conducted in Qatar to explore antibiotic use in upper respiratory tract infections for patients visiting healthcare settings revealed overprescribing of antibiotics in all health care settings [27] . For instance, a high prevalence of antibiotic misuse for respiratory tract infections was recorded in the private sector (85%). Similarly, in the medical intensive care unit, antibiotics were 76% of prescribed drugs, in which respiratory tract infections accounted for 57% of prescriptions [27] . Moreover, a cross-sectional study was conducted in Qatar to assess the perceptions and practices of physicians and pharmacists regarding antibiotic misuse at primary healthcare centers. The study asserted that 90.7% of physicians and 87.8% of pharmacists perceived antibiotic misuse as a major public health issue. Furthermore, the majority of physicians and pharmacists believed in patient education as a way to prevent antibiotic misuse [28] . A recent cross-sectional study targeted participants at two community pharmacies to evaluate their knowledge and views towards antibiotic use in Qatar and reported misconceptions and inappropriate use of antibiotics among participants [29] .
In Qatar, a country with highly mobile inhabitants, one of the reasons for inappropriate use of antibiotics is that residents can purchase antibiotics without prescription when traveling and bring them back to Qatar [2] . A Qatari qualitative study of pharmacists' perception of antibiotic use reported the misconceptions and inappropriate practices of antibiotic use among the public. The majority of the participants in the study declared that patients had a desire to use antibiotics when not indicated or prescribed to treat viral and other self-limiting diseases [30] . Noncompliance with prescribed directions was also reported. This included discontinuation of antibiotics before they were finished based on self-evaluation of symptoms and using higher doses of antibiotics to get better faster [30] .
Inappropriate antibiotic use is driven by individuals' behaviors and practices. A better understanding of these practices will contribute to achieving a positive change for the benefit of patients and community members' health. There is a paucity of studies regarding antibiotic use practices among community members in Qatar and the factors influencing these practices. Our study will be the first of its kind in assessing antibiotic use practices among college students in Qatar. This study will provide baseline data for future studies and provide insight into the development of behavioral interventions with the aim of optimizing appropriate antibiotic use among the public, which will, in turn, help in the implementation of the antibiotic stewardship program in Qatar and thus decrease the rate of ABR.
The purpose of this study is to assess public practices on antibiotic use among specific communities represented by Qatar University students and their family members. More specifically, the study objectives are to measure the degree of antibiotic prescribing; assess knowledge, attitudes and practices on antibiotic use; evaluate participants' opinions on healthcare provider antibiotic prescription practices; and quantify how all these factors are associated with the study population characteristics.
Materials and methods

Study design, sampling and sample size
This is a cross-sectional study that was conducted between September 2018 and March 2019. Using a convenience-sampling design, three colleges out of nine in the university were chosen to recruit participants: the College of Engineering, the College of Arts and Sciences, and the College of Health Sciences. Next, students expected to have diverse fields of study and nationalities were recruited from two main female buildings as well as from the female students' dormitory at the university. Participants were eligible to be included in the study if they were �18 years old, were aware of the term "antibiotic" and understood English or Arabic. Additionally, in order to enhance external validity, one family member of each selected student was asked to complete the questionnaire. The family member was also chosen using a convenience-sampling method. The study was approved by the Qatar University Institutional Review Board (Research Ethics Approval No. QU-IRB715-E/16).
Participants and their family members completed a total of 596 questionnaires. Using an anticipated prevalence of 73% of antibiotic self-medication [31] and a 4% margin of error and allowing for a 20% nonresponse rate, the aim was to collect data from 600 (rounded from 592) participants [32] . The majority of the study participants were university students (64.4%). Approximately 86% of the students were females, and more than 60% of all the participants were aged 21 years and above. The majority were single (74%), undergraduate and unemployed students who resided in Doha. Our sample can not be considered representative of the larger community at the university.
Data collection
Six senior public health students from the College of Health Sciences (CHS) at Qatar University were the main data collectors, who invited other students to participate in the study. Participants who agreed to participate in the study were provided an anonymous selfadministered questionnaire to be completed by themselves and by one of their family members. Data collectors assured participants of confidentiality and provided them with written consent to participate in the study. No incentives were offered for participation.
The questionnaire was adapted from the ABR: Multi-Country Public Awareness Survey [33] and a validated questionnaire from a previous study in the region [34] . It was modified to suit the study objectives and the local population to assure its applicability. One member of the study team translated the questionnaire into Arabic. To ensure the accuracy of the translation, a different member back-translated it into English. To determine its effectiveness, the questionnaire was pretested on a group of 20 students not included in the study. A group of two experts from CHS who were familiar with the questionnaire contents and design were involved in this process.
The questionnaire included four sections: demographics; antibiotic prescription history and antibiotic self-medication; knowledge and attitude towards antibiotic use; and opinion on healthcare providers' antibiotic prescription practices.
The first section of the questionnaire consisted of the sociodemographic questions. The first two questions identified the participant as a student or a family member and their relationship to the student. There were questions about gender, age, marital status, nationality, highest educational level completed, employability status, area of residence, and total household income. These questions were adapted from the Kuwaiti study [34] and WHO survey [33] .
The second section covered antibiotic prescriptions, antibiotic use practices and self-medication with 14 close-ended questions. The first eight questions asked: if they had been prescribed antibiotics within the last year; the frequency of being prescribed antibiotics during the last year; if they had finished the last antibiotic prescribed; if not, they were asked about the reasons; whether they had used an antibiotic without being prescribed it by a doctor or dentist within the last year (self-medication); frequency of self-medication with an antibiotic during the last year; conditions for which the antibiotics were self-prescribed; and if they completed these self-prescribed antibiotics. Additionally, a question listed seven conditions for which antibiotics were used without prescription, and respondents were asked to check all the conditions for which they had self-medicated with antibiotics. Other questions asked if the participant used antibiotics that were originally prescribed for an infection that recurred later, originally prescribed for another type of infection, obtained from a pharmacy abroad without a prescription, obtained from a pharmacy within Qatar without a prescription, originally prescribed for another family member, or prescribed for someone else who was not a family member. These questions were mainly adapted from the Kuwaiti study. The questions about antibiotic prescription, the conditions for which antibiotics were used, and where participants usually obtained antibiotics were also included in the WHO survey.
In the third section, there were 16 statements about knowledge and attitudes regarding antibiotic use. A 5-point Likert scale, which started from strongly disagree to strongly agree, was used to assess the participants' responses. The first nine statements assessed knowledge about antibiotic use among the participants. Participants were asked if they agreed with these statements or not: Different antibiotics are needed to cure different diseases; antibiotics are effective against bacteria; Antibiotics can kill the bacteria that normally live on the skin and in the gut; Antibiotics speed up the recovery from most coughs and colds; antibiotics work on most coughs and colds; Antibiotics are effective against viruses; If they get side effects during a course of antibiotic treatment, they should stop taking them as soon as possible; If they get some kind of skin reaction when using an antibiotic, they should not use the same antibiotic again; and Antibiotic use can cause imbalance in the body's own bacterial flora. These statements were adapted from the Kuwaiti study.
The remaining seven statements in this section assessed the participants' attitudes towards antibiotic use. Participants were asked if they agreed with these statements or not: I always complete the course of treatment with antibiotics even if I feel better; It is good to be able to get antibiotics from relatives or friends without having to see a medical doctor; I prefer to be able to buy antibiotics from the pharmacy without a prescription; I prefer to keep antibiotics at home in case there may be a need for them later; If I feel better after a few days, I sometimes stop taking my antibiotics before completing the course of treatment; I prefer to use an antibiotic if I have a cough for more than a week; and If I have a sore throat, I prefer to use an antibiotic. These questions were mainly adapted from the Kuwaiti study. The two questions on attitudes about obtaining antibiotics from relatives and friends and stopping antibiotics before completing the course of treatment were also included in the WHO survey.
Section four included four statements to assess participants' opinions regarding healthcare providers' antibiotic prescription practices. They were asked if they agreed with these statements or not: Pharmacists often tell you how antibiotics should be used; Doctors often take time to inform the patient during the consultation how antibiotics should be used; Doctors often prescribe antibiotics because the patient expects it; and Doctors often take time to consider carefully whether antibiotics are needed or not. A 5-point Likert scale, which started from strongly disagree to strongly agree, was used to assess the participants' responses. All questions were adapted from the Kuwaiti study, and the question on the role of doctors and pharmacists in explaining how a patient should use an antibiotic was also included in the WHO survey.
Study variables
The main objectives of the study were to measure the degree of antibiotic prescribing, assess inappropriate antibiotic use practices, assess knowledge and attitudes on antibiotic use, evaluate respondents' opinions on healthcare providers' antibiotic prescription practices, and evaluate how all these factors are associated with the respondents' characteristics.
The main outcome variable to measure the degree of antibiotic prescribing was being prescribed antibiotics 1 or more times within the last year (Yes, No). Inappropriate antibiotic use and self-medication were measured using three variables: Using an antibiotic without prescription (Yes, No), not completing the last prescribed or unprescribed antibiotic course (Yes, No) and obtaining an antibiotic without a prescription from a pharmacy abroad or in Qatar (Yes, No).
Two outcome variables, capturing knowledge and attitude towards antibiotic use, were derived using a scoring system. The system assigned scores of 1 or zero to each participant response to the relevant statements. A continuous total score was computed for each respondent as the sum of their 0/1 scores. This total score was further categorized into a binary variable using the median of the total score as a cutoff point.
Knowledge on antibiotic use was based on responses to the nine knowledge statements asked. A participant who responded to a correct statement with "strongly agree" or "agree" was given a 1 score and zero otherwise. For wrong statements, a score of 1 was given to participants who responded "strongly disagree" or "disagree" and zero otherwise. The total score (range 0-9) was categorized as acceptable knowledge for total scores equal to or greater than the median and unacceptable knowledge otherwise.
The attitude towards antibiotic use was derived from participants' responses to the seven attitude statements. Positive statements with "strongly agree" or "agree" were given a 1 score and zero otherwise, while negative statements were given a score of 1 to participants who responded "strongly disagree" or "disagree" and zero otherwise. The total score (range 0-7) was categorized as a positive attitude for total scores equal to or greater than the median and a negative attitude otherwise.
Furthermore, opinions on healthcare provider antibiotic prescription practices was captured using six opinion statements. Additionally, the basic characteristics of the participants, such as age, gender, nationality, marital status, highest educational level completed, employability status, area of residence, and total household income (Table 1) , were considered as independent variables.
Statistical analysis
After data collection, data were checked in the paper questionnaires for potential mistakes and inconsistencies. Each questionnaire was given a unique identification. Data were then entered into the epidata entry program � . To ensure data entry quality, the data entry program was designed to perform range calculations, consistency checks, field validations and data-type restrictions. Data were then exported into the Stata data format for analysis.
Entered data were cleaned and analyzed using the Statistical Package Stata version 15. Means and standard deviations were used to summarize continuous data, while proportions Public practices on antibiotic use and percentages were used for categorical variables. Association of respondents' characteristics with antibiotic prescribing, inappropriate antibiotic use and self-medication, and knowledge and attitudes towards antibiotic use were evaluated using univariate logistic regression. All variables with a global Wald test p < 0.25 in the univariate analysis were included in an initial multivariable logistic regression analysis to determine the factors that were independently associated with each outcome variable. Based on this model, a final model was built, considering a global test p-value of 0.05 to be statistically significant.
Results
Sociodemographic characteristics of the respondents
A total of 600 subjects were approached to participate in the study, and 596 of them completed the questionnaire. The majority of the respondents were females (86.2%). Approximately twothirds of the respondents were students (64.4%), and 23.2% were aged 26 years or above. Among these respondents, 73.8% were single, and only 3.7% were non-Arab. Key characteristics of the respondents are presented in Table 1 .
Antibiotic use
Of all respondents, 64% had received at least one prescription for antibiotics within the last year prior to our study, 34% of whom had used antibiotics once, and 12% had used them three times or more. During the same period, the majority of the respondents (82%) used antibiotics without prescription, 37% of whom used antibiotics that were prescribed for another family member or someone else and 27% of whom used antibiotics that were prescribed for them for a previous illness when they had similar symptoms later on. In addition, 45% of the respondents did not complete the last course of antibiotics, and 23% obtained the antibiotic without prescription from any pharmacy (Fig 1) . Slight significant differences in using antibiotics with prescription among the respondents in relation to age were reported (p = 0.048). Respondents with older age (>26 years old) had higher odds ratios of using antibiotics with prescriptions than youngsters (Table 2 ). However, none of the variables was significantly associated with using antibiotics with prescriptions at the 0.05 level of significance.
The chi-square test results showed that nationality (p = 0.041) and age (p = 0.031) were associated with using antibiotics without prescription among the respondents (Table 3) . However, using multivariate logistic regression revealed that only nationality was a statistically significant predictor of antibiotic use without prescription (p = 0.033): non-Arab respondents had lower odds of consuming antibiotics without prescriptions than Qataris (OR = 0.29, 95% CI: 0.11, 0.75).
Concerning adherence to the recommended antibiotic regimen, forty-five percent of the study population reported that they did not complete their last course of antibiotics (Fig 1) . Table 4 presents crude analysis showing associations between not completing the last antibiotic course and study variables. In multivariable logistic regression analysis (table not shown), age (p<0.001), level of education (p = 0.007) and municipality (p = 0.011) were significant predictors of adherence to the antibiotic course. Compared to the youngest age group (<21 years old), the other two age groups had lower odds of stopping the antibiotic course early (OR = 0.41, 95% CI: 0.23-0.73; and OR = 0.25, 95% CI: 0.13-0.49) for the 21-25-year and �26-year groups, respectively. Respondents who had a secondary education had lower odds of completing their antibiotic courses than those with university degrees (OR = 0.50, 95% CI: 0.30-0.83). Additionally, compared to the respondents who lived in Doha, those who lived in Al-Rayan had 2.4 times higher odds of stopping their antibiotic course early (OR = 2.4, 95% CI: 1.32-4.40).
Regarding the nonprescription supply of antibiotics from pharmacies, 23% of our study population declared that they obtained antibiotics without a prescription from a pharmacy, 12% of whom got them from pharmacy in Qatar (Fig 1) . There were no significant associations between demographic factors and nonprescription access to antibiotics from pharmacy ( Table 5 ).
Knowledge on antibiotic use among respondents
The questionnaire revealed that respondents had inadequate knowledge about antibiotic use, since the percentage of full agreement ("strongly agree" and "agree") on the unacceptable knowledge statements was almost 56%. As demonstrated in Fig 2, although the majority of the respondents (73%) believed that antibiotics are effective against bacteria, almost half claimed that antibiotics are effective against viral infections, and approximately 60% of the respondents reported that antibiotics speed up the recovery from most coughs and colds. On the matter of knowledge about antibiotic side effects, only 42% of the respondents reported that antibiotics can cause imbalance in the body's own bacterial flora, and 46% declared that they can kill the beneficial bacteria that normally live on the skin and in the gut.
The chi-square test results showed that nationality (p = 0.010) and municipality (p = 0.048) were the independent factors associated with having appropriate knowledge of antibiotic use. Approximately 64% of Non-Arab respondents had adequate knowledge about antibiotic use, compared to 41.5% of Qatari respondents. Only 37% of the study population who lived in Al-Rayan municipality had acceptable knowledge of antibiotic use, compared to 45% of those living in Doha. The univariate logistic regression revealed that there were no significant predictors among the demographic factors regarding knowledge of antibiotic use. 
Attitude towards antibiotic use among respondents
Regarding the respondents' attitude towards antibiotic use, the questionnaire also showed that a significant proportion of respondents had a negative attitude towards antibiotic use (59.73%). Interestingly, only 14% of the respondents agreed with the need for a prescription to buy antibiotics from a pharmacy, and 35% declared that they would complete the antibiotics course even if they started to feel better. Three quarters of them claimed that it is good to have the ability to obtain antibiotics from friends or relatives without seeking proper medical advice. Half of the respondents believed that using antibiotics is an effective treatment for coughs, while 35% also believed that it is an appropriate treatment for sore throat (Fig 3) .
Chi-square test results revealed that respondents' attitude towards antibiotic use was significantly associated with age (p = 0.003), marital status (p = 0.010), nationality (p = 0.001) and level of education (p = 0.003). Multivariate analyses demonstrated that older (age>26), Public practices on antibiotic use married and university-graduated participants had higher odds of having a positive attitude towards antibiotic use than others (OR = 2.06, 95% CI: 1.34-3.17; OR = 1.68, 95% CI: 1.13, 2.51; and OR = 1.66, 95% CI: 1.19-2.31, respectively). Nationality was also significantly associated with respondents' attitude towards antibiotic use. Compared with Qataris, other GCC respondents had lower odds of having a positive attitude towards antibiotic use (OR = 0.21, 95% CI: 0.09-0.50). 
Respondents' opinion on healthcare provider antibiotic prescription practices
Respondents' reported that neither doctors nor pharmacists were providing adequate patient education regarding appropriate antibiotic use. Approximately half of the respondents claimed that doctors do not allocate enough time to explain appropriate antibiotic use, and 75% reported the same issue with pharmacists. In addition, 46% of the respondents mentioned that Public practices on antibiotic use doctors are not cautious when considering whether antibiotics are needed, and 28% reported that doctors often prescribe antibiotics because the patients expect it (Fig 4) .
Discussion
This study aimed to assess the prevalence of inappropriate antibiotic use among Qatar University students and their family members and the different factors associated with this behavior. Our results showed that more than 60% of the respondents had received at least one prescription for antibiotics within the last year prior to our study, which is less than what was reported by a previous study among the public in Qatar (96%) [29] , yet still a high percentage. This high rate of prescribing could be explained by patient pressure exerted on physicians to prescribe antibiotics even when they are not needed [35, 36] . Physicians might prescribe antibiotics to mollify patients and maintain a good relationship with them [35, 36] . Previous research conducted in the UK [37] and US [38] pointed to the fact that the patient could influence physicians in antibiotic prescribing, which in turn can cause overprescription. Previous research pointed to the fact that physicians may overestimate patients' expectations for getting antibiotics and undervalue the necessity of conducting diagnostic tests necessary to confirm the need for antibiotics [39, 40] . A qualitative research study with pharmacists in Qatar revealed that patient pressure to prescribe antibiotic is a major barrier for appropriate antibiotic use [30] .
The major inappropriate antibiotic use practices followed by the respondents were using antibiotics without prescription, not completing the antibiotic course, and obtaining antibiotics from a pharmacy without prescription. Our study revealed a high prevalence of inappropriate antibiotic use among the respondents, with 82% reported using antibiotics without prescription, 37% of whom used antibiotics that were prescribed for another family member or someone else and 27% of whom used the same antibiotics that were prescribed for them for a previous illness. A study conducted in Peru in 1000 college students showed that approximately 70% of the participants used antibiotics without medical consultation [41] . A high prevalence of antibiotic self-medication was also reported in other GCC countries [42] . In a very recent systematic review about public knowledge and behaviors relating to antibiotic use in the GCC countries [42] , the authors claimed that the overall prevalence of antibiotic self-medication reached 73%, with Saudi Arabia having the highest prevalence [25]. These findings, along with other studies in Qatar [27, 29] , indicate the need for public education about the appropriate use of antibiotics and the risks associated with their misuse.
Another finding was about the nonprescription supply of antibiotics from pharmacies: 23% of our study population declared that they obtained antibiotics without a prescription from a pharmacy, 12% of whom got them from a pharmacy in Qatar. Given that people cannot obtain an antibiotic without a medical prescription from pharmacies in Qatar [27] , it was surprising to find that, though a small percentage, pharmacies in Qatar are dispensing antibiotics without prescription, as this is against the laws and regulations of the country. This finding is in agreement with another study, which found that 14.2% of the respondents obtained antibiotics without prescription from pharmacies in Qatar despite the current laws [29] . The finding also aligns with other results across the GCC and other Middle Eastern countries. Pharmacies are the main source for antibiotics used in self-medication in the Middle East and a crucial source for antibiotic information. Thus, they are responsible for the misuse, and they need to take a major role in educating patients regarding appropriate antibiotic use [21, 43] .
On adherence to the recommended antibiotic regimen, 45% of the population in our study reported that they did not complete their last course of antibiotics. The range of percentages of not completing the course of antibiotics across studies in GCC countries is between 30 and 72, with a 40% median, which may expose the patients to ABR [42] . The meta-analysis and systematic review that included 26 studies from different countries conducted by Gualano et al. showed that 47.1% of the participants stopped taking antibiotic pills once they started feeling better (number) [44] . This practice is attributed to the lack of knowledge about the risks associated with not completing the antibiotic course. The major reasons for not completing the antibiotic course are feeling better and thinking that the antibiotic is not effective in treating the disease [29, 45] .
Sociodemographic variables associated with inappropriate antibiotic use
In our study, nationality and age were associated with using antibiotics without prescription. Qataris and respondents aged less than 21 years reported the highest percentage of inappropriate antibiotic use. The age factor, which was diluted when performing a logistic regression, could be explained by the fact that the young generation does not have appropriate knowledge about antibiotic use. On the contrary, a study reported that older age is a factor negatively affecting the perceived need for antibiotics [46] . As for nationality, Qataris usually travel a lot throughout the year and can easily obtain antibiotics without prescription abroad from countries that have no restrictions on antibiotic purchases from pharmacies. Our findings also revealed that age, level of education and municipality were significant predictors of adherence to the antibiotic course. Respondents less than 21 years of age were more likely to stop taking the antibiotic before completing the course. Moreover, respondents who had secondary education were less likely to complete their antibiotic courses compared to the higher-education group. Respondents who lived in Al-Rayan municipality were 2.4 times more likely to stop their antibiotic course early compared to those who lived in Doha. This indicates that in those areas in Qatar, people have inadequate education about antibiotic use. An explanation for this finding could be that primary health care centers in these areas are overwhelmed with the number of patients they receive, which may hinder health care providers in providing adequate patient education and lead patients to follow inappropriate antibiotic practices.
Individual factors: Knowledge and attitude towards antibiotic use
Our study revealed that the respondents had inadequate knowledge about antibiotic use, since the percentage of their full agreement ("strongly agree" and "agree") on the unacceptable knowledge statements was almost 56%. The majority of the respondents (73%) believed that antibiotics are effective against bacteria; almost half claimed that antibiotics are effective against viral infections, and approximately 60% of the respondents reported that antibiotics speed up the recovery from most coughs and colds. A study reported that although approximately 70% of the participants acknowledged the value of antibiotics in treating bacterial infections, half of the participants thought that they could also use antibiotics for non-bacterial infections [42] . Moienzadeh and his colleagues also showed that there are gaps in the knowledge about antibiotic use in Qatar, as 47% believed that antibiotics are effective against viral infections and 40% believed that not taking an antibiotic would delay the recovery from coughs and colds [29] . The meta-analysis and systematic review conducted by Gualano et al. on the population's knowledge and attitude about antibiotics showed a lack of knowledge. Specifically, 33.7% of the subjects did not know that antibiotics are useful to treat bacterial infections, and 53.9% of them did not know that antibiotics cannot treat viral infections [44] . Concerning knowledge about antibiotics' side effects, only 42% of the respondents in our study reported that antibiotics can cause imbalance in the body's own bacterial flora, and 46% declared that antibiotics can kill the beneficial bacteria that normally live on the skin and in the gut. Slight higher results regarding public knowledge about the side effects of antibiotics were reported by a Kuwaiti study [34] . Gualano and his colleagues showed that 59.4% of the subjects in the systematic review were aware of antibiotic resistance. However, 26.9% of them did not know that misuse of antibiotics can lead to antibiotic resistance [44] .
The chi-square test results in our study showed that nationality and municipality were the independent factors associated with having appropriate knowledge of antibiotic use. This reinforces our previous findings that Qatari respondents living in Doha have inadequate knowledge about antibiotic use. Results from antibiotic awareness surveys have shown that although individuals would have good knowledge of when antibiotics should be used, they would still obtain antibiotics without prescription [47] [48] [49] . Thus, it is not only the level of knowledge regarding antibiotic use that may influence people's practices, but their attitude regarding antibiotic use also has a large role in shaping these practices [34] . A significant proportion of the respondents had a negative attitude towards antibiotic use (59.73%) in this study. Only 35% declared that they would complete the antibiotic course even if they started to feel better. Previous research in Qatar showed that one-third of participants stop taking antibiotic pills once they feel better [29] . Univariate logistic regression analyses in our study demonstrated that older (age>26), married and university-graduated participants were more likely to have a positive attitude towards antibiotic use than others, which also stresses the importance of the age factor regarding antibiotic use. Married people usually have more experience with infections, as they usually deal with children. Education also seems to be an important factor in regard to antibiotic use.
Social network: Family and friends
Previous research points to the crucial role that family members play as sources of antibiotic information, recommendations and supply [34] . Qatar has a family-centered culture. In our study, 37% of the respondents who reported using antibiotics without prescription admitted using antibiotics that were prescribed for another family member or someone else. Moienzadeh and his colleagues reported the same percentage when they conducted their study at a community pharmacy in Qatar, where patients admitted giving their antibiotics to a family member if they developed an infection [29] . In addition, three-quarters of them reported a negative attitude, showing that it is fine to obtain antibiotics from relatives and friends without seeking proper medical advice.
Organizational factors: Role of healthcare providers
The last finding is about the respondents' opinion regarding the healthcare providers' antibiotic prescription practices. Respondents reported that neither doctors nor pharmacists provide adequate patient education about appropriate antibiotic use. Approximately half of the respondents claimed that physicians do not allocate enough time to explain appropriate antibiotic use, and 75% reported the same issue with pharmacists. A recent Australian study reported that detailed information about appropriate antibiotic use was not voluntarily provided by either the GP or community pharmacist if not asked for by the patients [50] , and sometimes patients sought other sources of information. Hawke and his colleagues, in their retrospective analysis of an Australian medicine helpline, reported that 40% of antibiotic-related calls were due to inadequate information provision [51] . Shaikhan et al reported, in their systematic review, that 97.3% of participants across the studies in Qatar stated that physicians' explanations are helpful, and 88.2% feel comfortable if treatment was discussed [27] . These numbers reinforce the need to enhance the quality of patient-provider communication to explain appropriate antibiotic use. In addition, 46% of the respondents in our study mentioned that doctors are not cautious when considering whether antibiotics are needed, and 28% reported that doctors often prescribe antibiotics because the patients expect it. Previous studies reported that physicians prescribe antibiotics just to satisfy patients even when they are not needed, and almost half of the patients in the studies reviewed by Shaikhan and his colleagues would feel dissatisfied when not prescribed an antibiotic [21] .
Any effort to tackle antibiotic resistance must include patient education and counseling, as patient demands are a major driver of overuse and misuse of antibiotics. Health organizations must consider social media within their communication strategy to promote appropriate antibiotic-related information seeking in the general population. A recent study demonstrated that the Internet is a resource for disseminating quality health information that has the potential to improve the stewardship of antibiotics in the community [52] . Anderson reported that the Internet as a source of information about antibiotics was independently and positively associated with knowledge, attitude, and behavior regarding antibiotics [23] .
Our study has some strengths. To the best of our knowledge, this study is the first to assess inappropriate antibiotic use practices among university students and their family members and the factors influencing this behavior in the State of Qatar. Understanding how some factors shaping public practices of antibiotic use are embedded in the different layers of the ecological model would help address the behavior comprehensively and tailor the findings towards evidence-based, multifactorial, effective interventions.
Study limitations: The limitations of this study include the cross-sectional design, which limits our ability to infer causation between the various factors and antibiotic use practices. The small sample size and the use of convenience sampling, which may not truly represent the overall population being studied (e.g., the adult population older than 26 years is underrepresented), limits the generalization of the findings to the study population level. Other potential limitations include the social desirability bias of respondents, which may have led them to offer favorable answers, and the use of a self-administered survey, which may have led to recall bias.
An Action Plan was developed in Qatar to reduce the inappropriate antibiotic use that causes the spread of ABR. The Action Plan is supposed to implement antimicrobial stewardship in all healthcare settings, aiming to improve public antibiotic use through promotion programs and interventions [27] . A few studies on antibiotic use have been conducted to explore people's knowledge, attitude and practice regarding antibiotics in Qatar. The current study addresses a gap in the literature regarding sociodemographic, individual, and organizational factors influencing public practices of antibiotic use in Qatar. Understanding these factors will provide evidence for health educators and policy makers to plan for effective programs that promote public practices of antibiotic use, which in turn will decrease the prevalence of ABR. Future research should focus on the determinants associated with inappropriate antibiotic use with a representative sample of the public in the country. More qualitative research is also needed to study in depth the antibiotic prescription process followed by physicians and pharmacists in primary health care and the factors shaping the prescription process.
Conclusion
This study showed that antibiotic use is a multifactorial behavior shaped by demographic, individual (knowledge and attitude), and organizational factors. Young Qatari individuals with a secondary educational who live in large and crowded cities in Qatar (Doha and Al Rayan) are at high risk of following inappropriate antibiotic use practices, such as using antibiotics without prescription, not completing the antibiotic course, and obtaining antibiotics from a pharmacy without prescription. Health educators should design awareness campaigns to educate the public, especially young adults, about the appropriate antibiotic use practices and the consequences of their misuse. Educational sessions can focus on school children and adolescents. Sharing educational messages through social media about appropriate antibiotic use, the difference between bacterial and viral infections and how antibiotics should not be used for viral infections, antibiotics' side effects, and ABR could be an effective health promotion method for the young generation. Awareness campaigns should involve different family members since family is considered an important source of both antibiotics and health information regarding antibiotic use. Health educators should work not only on providing knowledge but also on changing the attitudes and behaviors regarding antibiotic use through different behavioral interventions.
At the organizational level, the healthcare system in the public and private sectors should offer training for professionals who have the authority to prescribe antibiotics, such as physicians and pharmacists, to enhance awareness about antibiotic prescribing guidelines and the patient-health care provider communication process regarding appropriate antibiotic use. There should be an emphasis on applying the guidelines and laws when prescribing and dispensing antibiotics. 
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